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TIONS SYSTEM 

(57) Abstract 

An automatic power 
control (APC) system for a 
spiead-spectrmn communicatians 
system ir^ludes an automatic 
forward power control (AFPCO 
system, and an automatic 
reverse power control (ARPQ 
system. In the AFPC, each 
subscriber unit (SU) measures 
a forward signal-to-aoise ratio 
of a respective forward channel 
informadon signal to generate a 
respective forward chaimel error 
signal which includes a measure 
of the uncoireiated noise in 
the channel and a nteasure of 
the error between die respective 
forward signai-to^ise ration and 
a pre determined signai-to-noise 
vahie. A control signal generated 
from die respective forward 
cfaaiuiel error signal is transmitted 

as part of a lespecdve reverse channel informadon signal. A base unit includes AFPC receivers which revive respective reve^ 
channel information signals and extract the forward channel error signals therefrom to adjust the power levels of the respective forwara 
sniead-spectrum signals. In die ARPC system, each base measures a reverse signal-to-noise rado of each of die respective reverse Chanel 
information signals and generates a respective reverse channel error signal which includes a measure of die uncorrelatwi noise m me 
channel and a measure of die error between the respccdve reverse signal-to-noise ratio and a pre dctcrmmed signal-to-noise vajuc. THe 
base unit transmits a control signal generated from die respective reverse channel error signal as a part of a respective foiward channel 
information signaL Each SU includes an ARPC receiver which receives die forward channel information signal and extracts die respechve 
rcvcce error signal to adjust die reverse trananit power level of die respective reverse spread-spectnnn signaL 
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AUTOMATIC POWER CONTROL SYSTEM FOR A CODE DIVISION 
MULTIPLE ACCESS (CDMA) COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 

Providing quality teiecommtmicatiQn services to user groups aie clas^fied 
as remote, such as rural telephone systems and telq)hone systems in developing countries, 
has proved to be a challenge over recwit years. These needs have been partially satisfied 
by wireless radio services, such as fixed or mobile firequency division multiplex (FDM), 
frequency division multiple access (FDMA), time division multiplex (TDM), time 
division multiple access (TDMA) systems, combination frequency and time division 
systems (FD/TDMA), and other land mobile radio systrais. Usually, these rraiote 
services are &ced with more potential users than can be supported simultaneously by their 
frequency or spectral bandwidth capacity. 

Recognizing these limitations, recent advances in wireless commimications have 
used spread spectrum modulation techniques to provide ^unultaneous communicaticMi by 
multiple users through a single communications channel. Spread ^)ectrum modulation 
refers to modulating a information signal with a spreading code signal; the spreading code 
signal being generated by a code generator where the period Tc of the ^reading code is 
substantially less than the period of the information data bit or symbol signal. The code 
may modulate the carrier frequency upon which the information has been sent, called 
frequency-hopped q)reading, or may directly modulate the signal by multiplying the 
^readmg code with the information data signal, called dh«:t-sequence ^reading (DS). 
Spread-spectrum modulation produces a signal having a bandwidth that is substantially 
greater tiian that required to transmit die niformation signal. Synchronous reception and 
(^spreading of the signal at the receiver demodulator recovers the original information. 
The synchronous demodulator uses a reference signal to synchronize the despreading 
circuits to the input q>read-spectrum modulated signal to recover the carrier and 
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information signals. The reference signal can be a spreading code which is not modulated 
by an information signal. 

Spread-spectrum modulation in wireless networks offers many advantages because 
multiple users may use the same frequency band with minimal interference to each user's 
receiver. In addition, spread spectrum modulation reduces effects from other sources of 
mterference. Also, synchronous spread-spectrum modulation and demodulation 
techniques may be expanded by providing multiple message channels for a user, each 
spread widi a different spreading code, whUe still transmitting only a smgle reference 
»gaal to the user. 

Another problem associated with multiple access, spread-spectrum communication 
systems is die need to reduce the total transmitted power of users in tiie system, smce 

users may have limited available power. An associated problem requiring power control 
in spread-spectrum systems is related to the mherent characteristic of spread-spectrum 
systems that one user's spread-spectrum signal is received by another user as noise with a 
certam power level. Consequentiy, users transmitting with high levels of signal power 
may mterfere with otiier users' recq>tion. Also, if a user moves relative to another user's 
geographic location, signal feding and distortion require that the users adjust tiieir 
transmit power level to maintam a particular signal quality, and to maintain the power that 
tiie base siarion receives from all users. Finally, because it is possible for tiie spread- 
spectrum system to have more remote users tiian can be supported snnultaneously, tfie 
power control system should also employ a capacity management method which rejects 
additional users when the maximum system power level is readied. 

Prior ^tBad-q»ectrum systems have employed a base station that measures a 
received signal and sends an adaptive power control (APC) signal to the remote users. 
Remote users include a transmitter witii an automatic gain control (AGQ circuit which 
responds to the APC agnal. In sudi systems the base station monitors the overall system 
power or die power received from each user, and sets the APC signal accordingly. This 
open loop system performance may be improved by including a measurement of the signal 
power received by tiie remote user from the base station, and transmitting an APC signal 
hack to die base station to effectuate a closed loop power control method. 
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These power control systems, however^ exhibit several disadvantages. Hrst, the 
base station must perform complex power control algorithms, increasing the amcnmt of 
processmg in the base Nation. Second, the system actually experiences several types of 
power variation: variation in the noise power caused by changing numbers of users and 

5 variations in the received signal power of a particular bearer channel. These variations 
occur with different frequency » so wnplc power control algorithms can be qptimized only 
to one of die two types of variation. Hnally, these pow^ algorithms tend to drive the 
overall system power to a relatively high level. Consequendy, there is a need for a 
^lead-spectrum power control method that lapidly reqKmds to changes in bearer channel 

10 power levels, while simultaneously making adjustments to all users' tran^t power in 

response to changes in the number of users. Also, there is a need for an improved ^read- 
^)ectrum communication system employing a closed locp power control system which 
minimizes the system's overall power requirements while maintaining a sufficient BER at 
the individual remote receivers. In addition, such a system should control the initial 

15 transmit power level of a remote user and manage total system capacity. 

SUMMARY OF THE INVENTION 

The present invention includes a system and method for closed loop automatic 
power control (APQ for a base radio carrier station (RCS) and a group of subscriber 
imits (SUs) of a ^read-spectrum communication system. The SUs transmit spread- 

20 ^)ectrum signals, the RCS acquires the ^read-^)ectrum signals, and the RCS detects the 
received power level of the ^read-^>ectrum signals plus any interfering signal including 
noise. The APC system includes the RCS and a plurality of SUs, wherein die RCS 
transmits a plurality of forward channel information signals to die SUs as a plurality of 
forward diannel ^read-q)ectrum signals having a re^)ective forward transmit power 

25 level, and each SU transmits to the base station at least one reverse ^read-q>ectrum 

signal having a respective reverse transotit power level ami at least one reverse channel 
^read-spectrum signal includes a reverse channel information signal. 

The APC includes an automatic forward power control (AFPC) system, and an 
automatic reverse power control (ARPQ system. The AFPC has the steps of each SU 
30 measuring a forward signal-to-noise ratio of the req)ective forward channel informaticm 
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signal, generating a re^)ective forward diannel error signal widch indudes a measure of 
Ae forward error between the reflective forward signal-to-noise ratio and a pre- 
determined signal-to-noise value. Hie forward channel error signal also ii^tudes a 
measure of the unconelated noise in the dianneL The respective forward diannel error 
signal is transmitted by the SU as part of a ref>ecdve reverse channel informatiim signal. 
Hie RCS induces a plural number of AFPC receivets for receiving the reverse diannel 
mformadon signals and extracting the forward diannel error signals from the reflective 
reverse diannel information signals.The RCS also adjusts the reflective forward trananit 
power level of each one of the reflective forward firead-fiectrum signals refxmsive to 
the reflective forward error signal. 

The portion of die ARPC system in the RCS measures a reverse signal-to-noise 
rado of each of the respective reverse channel mformadon signals, generates a reflective 
reverse diannel error signal which includes a measure of the error between the reflective 
reverse channel signal-to-noise ratio and a reflective pre-determined signal-to-noise 
value. The reverse chaimel error signal also indudes a measure of the uncorrelated noise 
in the channel. The RCU transmits the reflective reverse channel error signal as a part of 
a respective forward channel information signal. Each SU includes an ARPC receiver 
which receives the forward channel information signal, extracts the respective reverse 
error signal from the forward channel information signal, and adjusts the reverse transmit 
power level of the respective reverse firead-fiectrum signal refxmsive to the reflective 
reverse error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a code division multiple access 
communicaticm system according to the present mvention. 

Figure 2 is a flow-chart diagram of an exemplary maintenance power 
control algorithm of the present invention. 

Figure 3 is a flow-chart diagram of an exemplary automatic forward power 
control algorithm of the present invention. 
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Figuie4 is a flow-chart diagrm of an ex^xiplaiy automadc revei^ 
control algorithm of the present invration. 

Figure 5 is a block diagram of an exraiplaiy dosed loop power control 
system of the present invention when the bearer channel is eslabli^ied. 

Hgiue 6 is a block diagram of an exanplary closed loop power control 
system of the present invention during the process of establishing the bearer channel. 

DESCRIFnON OF THE EXEMPLARY EMBODIMENT 

The system of the present invention provides local-loop telephone service 
using radio link between one or more base stations and multiple remote subscriber units. 
In the exemplary embodiment, one radio link is described for a base station 
communicating with a fixed subscriber unit (FSU), but the system is equally applicable to 
systems including multiple base stations with radio links to both FSUs and Mobile 
Subscriber Units (MSUs). Consequaitiy, the remote subscriber units are referred to 
herein as Subscriber Units (SUs). 

Referring to Figure 1 , Base Station (BS) 101 provides call connection to a 
local ^cchange (LE) 103 or any otiier telephone network switching interface, and includes 
a Radio Carrier Station (RCS) 104. One or more RCSs 104, 105, 1 10 ccmnect to a Radio 
Distribution Unit (RDU) 102 duough links 131, 132, 137, 138, 139, and RDU 102 
interfaces with LE 103 by transmitting and receiving call set-\q), control, and information 
signals through telco links 141, 142, 150. SUs 116, 119 communicate witii die RCS 104 
through RF links 161, 162, 163, 164, 165. Alternatively, another embodiment of the 
invention includes several SUs and a '"master" SU with functionality similar to the RCS. 
Such an embodiment may or may not have connection to a local telq}hone network. 

Although the described embodiment uses different ^read-^)ectrum 
bandwidtiis centered around a carrier for the transmit and receive ^read-q)ectrum 
channels, the present method is readily extended to systems using multiple ^read* 
q)ectruin bandwidths for the transmit channels and multiple ^read-spectrum bandwidths 
for the receive diannels. Alternatively, because ^read-spectrum conmiunication systems 
have the inherent feature diat one user's transmission ^>pears as noise to another user's 
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deqneading receiver, an embodiment can employ the same 9read-^)ectrum diannel for 
bodi the transmit and receive padi channels. In odier words. Uplink and Downlink 
transmissions can occupy the same freqaency band. An embodiment of the hwration may 
also employ multiple spread ^}ectrum diamiels which need not be ac^acent in frequency. 
In diis embodiment, any diannei may be used for Uplink, Downlink or Uplink and 
Downlink transmission. 

In the exemplary embodiment, the ^read binary symbol information is 
tranmitted over the radio Imks 161 to 165 using Quadramre Phase Shift Keying (QPSK) 
modulation with Nyquist Pulse Shaping, altiiougli other modulatira techniques may be 
used, including, but not limited to. Offset QPSK (OQPSK), Minimum Shift Keying 
(MSK), M-aiy Phase Shift Keying (MPSK) and Gaussian Phase Shift Keying (GreK). 

The CDMA demodulator in either the RCS or the SU despreads tiie 
received signal with qipropriate processing to combat or e3q)loit multipath propagation 
effects. Parameters ccmceming the received power level are used to generate the 
Automatic Power Control (APQ information which, in turn, is transmitted to the other 
end. The APC information is used to control transmit power of the automatic forward 
power control (AFPQ and automatic reverse power control (ARPQ links. In addition, 
each RCS 104, 105 and 110 can perform Maintenance Power Control (MPQ, m a 
manner similar to APC, to adjust the initial transnut power of each SU 111, 112, 115, 
117 and 118. Demodulation is coherent where the pilot signal provides the phase 
reference. 

The transmit power levels of tiie radb interface between RCS 104 and SUs 
111, 112, 115, 117 and 118 are controlled using two different closed loop power control 
algorithms. The Automatic Forward Power Control (AFPQ detennines the Downlink 
transnut power level, and the Automatic Reverse Power Control (ARPQ detemunes the 
Uplink transmit power level. The logical control charmel by which SU 111 and RCS 104, 
for example, transfer power control information operates at least a 16 kHz update rate. 
Other embodiments may use a faster 32 kHz update rate. These al^rithms rasure that the 
transmit power of a user maintains an accq)table Bit-Error Rate (BER), maintains the 
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system power at a minimum to conserve power, and maintains the power level of aU SUs 
111, 112, 115, 117 and 118, as received by RCS 104, at a nearly equallevel. 

In addition, die system includes an optional m ai n te n a nc e power algoiithm 
that is used during the inactive mode of a SU. When SU 1 1 1 is inactive or poweted-down 
to conserve power, the unit may occasionally activate itself and adjust its initial transmit 
power levd setting in response to a maintenance power control signal fipom RCS 104. The 
maintjaiance power signal is detennined by die RCS 104 by measuring the recd^ 
level of SU 111 and present systan power level and calculating the necessary mitial 
transmit power. The method shortens the channel acquisition time of SU 1 1 1 when it is 
mmed on to begin a communicatiOT.'nie method also prevents the transmit power level of 
SU 1 1 1 ftom becoming too high and interfering witii other channels during the initial - 
transmission before the closed loop power control adjusts the transmit power to a level 
2q)prq)riaie for the other message traffic in the channel. 

The RCS 104 obtains syndironization of its clock from an int^face Um 
such as, but not limited to. El, Tl, or HDSL interfaces. Each RCS can also geneiaie its 
own internal clock signal from an oscillator which may be regulated by a Global 
Positioning System (GPS) receiver. The RCS 104 generates a Global Pilot Code for a 
channel having a spreading code but no data modulation, which can be acquired by 
remote SUs 1 1 1 tiuough 1 18. All transmission channels of die RCS are synchronous witii 
the PUot channel, and spreading code phases of code generators (not shown) used for 
Logical communication channels witiiin RCS 104 are also synchronous with die Pilot 
chamiel's spreading code phase. Similariy, SUs 111 through 118 which receive the Global 
PUot Code of RCS 104 synchronize the spreading and de-spreading code phases of the 
code generators (not shown) of tiie SUs to die Global Pilot Code. 
Logical Communication Ch a nnels 

A 'channel' of die prior art is usually regarded as a communications path 
diat is part of an interface and that can be distinguished from otiier patiis of die interface 
witiiout regard to its content. In die case of CDMA, however, separate communications 
paths are distinguished only by dieir content The term 'logical channel' is used to 
distinguish die separate data streams, which are logically equivalent to channels in die 
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conventional ssnx. AU logical diaimels and sub-channels of the present mvention are 
m^yped to a common 64 kilo-symbols per second (ksym/s) QPSK stream. Some channels 
are synchronized to assodaled pilot codes which are generated and perftnm a similar 
function to the system Global Hlot Code, The systan pilot signals are not, however, 
considered logical channels. 

Several logical communication channels are used over die RF 
communication link betwera die RCS and SU. Each logical communicatiM 
has a fixed, pre-detennined qjreading code or a dynamically assigned spreadmg code. For 
both pre-determined and assigned codes, the code phase is synchronous with the Pilot 
Code. Logical communication channels are divided into two groups: die Global Channel 
(GQ grwjp and the Assigned Channel (AQ group. The GC group includes dian»ls 
which are either transmitted from the base station RCS to all the remote SUsor from any 
SU to the RCS of die base station regardless of the SU's identity. These channels 
typically contain mformation of a given type for all users. These channels include the 
channels used by the SUs to gain system access. Channels in the Assigned Channels (AQ 
group are those channels dedicated to communication between the RCS and a particular 
SU. 



POWER CONTROL 
Gaiaral 

The power control feature of the present invention is used to minimize the transnit 
power used between an RCS and any SUs with which it is in communication. The power 
control aibfeature that updates transnut power during bearer channel connection is defined 
as automatic power control (APQ. APC data is transferred fnnn the RCS to an SU on the 
forward APC diannel and from an SU to die RCS on die reverse APC channel. Whra 
tiierc is no active data link between the two, the maintenance power control subfeature 
(MPQ controls the transnut power of the SU. 
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Transmit power levels of forward and reverse assigned dbannels and reverse global 
channels are controlled by the APC algoridim to maintain sufBdent signal power to 
interfi^ence noise power ratio (SIR) on those channels, and to stabilize and minimize 
system output power. The present invention uses a closed loop power control system m 
5 which a receiver controls its associated transmitter to incranffltally raise or lower its 
trananit power. This control is conveyed to die associated tranynitter via die power 
control signal on the APC diannel. The receiver makes the decision to increase or 
decrease the transmitter's power based on two error signals. One error signal is an 
indication of the difference between the measured and required despread signal powers, 
10 and the other error signal is an indication of the average received total power. 

As used in the described embodunent of the invention, the term near-end power 
control is used to refer to adjusting the transmitter's output power in accordance with the 
APC signal received on the APC diannel from the other end. Hiis means die reverse 
power control for the SU and forward power control for the RCS; and the tsrm far-end 
15 APC is used to refer to forward power control for the SU and reverse power ccmtrol for 
the RCS (adjusting the transmit power of the unit at the opposite end of the channel). 

In order to conserve power, the SU modem terminates transmission and powers- 
down while waiting for a call, defined as the sleep phase. Sleep phase is terminated by an 
awaken signal from the SU controller. Responsive to this signal, the SU modem 
20 acquisition drcuit automatically enters the reacquisition phase, and begins the process of 
acquiring the downlink pilot, as described below. 

Closed Loop Power Control Algorithms 

The near-end power control includes two steps: first, set the initial transmit power; 
second, continually adjust transmit power according to infonnadon received from die fiu*- 
25 end using APC. 

For the SU, initial transmit power is set to a minimum value and then ramped up, 
for example, at a rate of 1 dB/ms until either a ramp-up timer expires (not shown) or die 
RCS dianges the correspondmg traffic light value on die FBCH to ''red" indicating the 
RCS has locked to die SU's short pilot signal (SAXPT). Expiration of the timer causes 
30 die SAXPT transmission to be shut down, unless die traffic lig^t value is set to red fir^ 
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in which case the SU contiimes to ramp-up transmit power but at a mudi lower rate than 
before the "red" signal was detected. 

For the RCS, initial transmit power is set at a fixed vahie, corre^nding to the 
p^iniTniim value nccessary for reliable operation as determined experimentally for the 
service type and the current number of system users. Global diannels, sudi as die Global 
Pilot or, the fast broadcast channel (FBCH), are always transmitted at tte fixed midal 
power, Aii^sereas traffic channels are switched to APC. 

The APC signal is transmitted as one bit signals on the APC channeL The one-bit 
signal represents a command to moease (signal is logic-hi^) or (tecrease (signal is logic- 
low) the associated trananit power. In the described embodiment, die 64 ki^s APC data 
stream is not encoded or interleaved 

Far-end power control consists of the near-end tra n smitting power control 
information for the fer-end to use in adjusting its transmit power. 

The APC algorithm causes the RCS or the SU to transmit +1 if die fbllowmg 
inequality holds, otherwise -1 (logic-low). 

ai ei - 02 e2 > 0 (1) 

Here, the error signal ei is calculated as 

ei = Pd - (1 + SNRref) Pn (2) 

where Pd is die despread signal plus noise power, Pn is the de^read noise power, and 
SNRbef is the desired despread signal to noise ratio for the particular service type; and 

e2 = Pr-Po (3) 

where Pr is a measure of the received power and Po is the automatic gain ccmtrol (AGO 
circuit set point The weigjits cu and cu in equation (30) are chosen for each service type 
and for die APC update rate. 

Maintenance Power Control 

During the sleep phase of the SU, the uiterference noise power of the CDMA RF 
channel dianges. As an alternative to the initial power ramp-up mediod described above, 
die present invention may include a maintenance power control feature {MPQ which 
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periodically atljusts the SU 's initial transmit power with respect to the interference noise 
power of the CDMA diannel. The MPC is llie process whereby the transmit power level 
of an SU is maintained within close proximity of the minimum level required for the RCS 
to detect the SU*s signal. TTie MPC process compensates for low frequency changes in die 
required SU transmit power. 

The maintenance control feature uses two global channels: one is called die stams 
channel (SFCH) on reverse link, and the otfier is caUed the check-up channel (CUCH) on 
forward link. The signals transmitted on these channels carry no data and they are 
generated the same way the short codes used in initial power ramp-up are generated. The 
STCH and CUCH codes arc gaierated from a "reserved" branch of die gldjal code 
g^rator. 

The MPC process is as follows. At random intervals, the SU sends a symbol 
lengUi ^reading code periodically for 3 ms <ki die saams channel (STCH). If die RCS 
detects die sequence, it replies by sending a symbol lengtfi code sequence widiin die nort 
3 ms on die check-up channel (CUCH). When die SU detects die response from die 
RCS, it reduces its transmit power by a particular step size. If die SU does not detect any 
response from die RCS widiin die 3 ms period, it increases its transmit power by die step 
size. Using diis mediod, die RCS response is transmitted at a power level diat is enough 
to maintain a 0.99 detection probability at all SU's. 

The rate of change of traffic load and die number of active users is related to die 
total interference noise power of die CDMA channel. The update rate and step size of die 
maintenance power update signal for die present invention is determined by using queuing 
tiieory mediods well known in die art of cwnmunication dieory. By modeling die caU 
origination process as an exponential random variable widi mean 6.0 mins, numerical 
computation shows die maintenance power level of a SU should be updated once every 10 
seconds or less to be able to follow die changes in interfsrence level using 0.5 dB step 
size. Modeling die call origination process as a Poisson random variable widi exponential 
interarrival times, arrival rate of 2x10* per second per user, service rate of 1/360 per 
second, and die total subscriber population is 600 in die RCS service area also yields by 
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numerical cranputation that an vpdass rate of once every 10 seconds is sufficient -when 
dB 5tq> size is used. 

Maintenance power adjustment is performed periodicaUy by the SU which changes 
from sleep phase to awake phase and perfonns the MFC piocess. Conseqaently. the 
pnxxss for the MFC feature is diown in Figure 2 and is as follows: First, at st^ 201, 
agnals are exchanged betwewi the SU and the RCS maintainin g a tiananit power level 
that is close to the required level for detection: the SU periodicaUy saids a symbol length 
spreading code in the STCH, and the RCS sends periodically a symbol laigth spreading 
code in the CUCH as re^onse. 

Next, at step 202, if the SU receives a refuse within 3 ms after die STCH 
message it sent, it decreases its transmit power by a particular stq> aze at stq> 203; but if 
the SU does not receive a response within 3 ms after the STCH message, it increases its 
transmit power by the same step size at step 204. 

The SU waits, at step 205, for a period of time before sendmg another STCH 
message, this time period is detennined by a random process which averages 10 seconds. 

Thus, the transmit power of the STCH messages from the SU is adjusted based on 
die RCS response periodically, and die transmit power of die CUCH messages from die 
RCS is fixed. 



Mapping of Power Control Signal to Logical Channels For APC 

Power control agnals are mapped to q)ecified Logical Channels for controUmg 
transmit power levels of forward and reverse assigned channels. Reverse global channels 
are also controlled by die APC algoridim to mamtain sufficient signal power to 
interference noise power ratio (SIR) on Uiose reverse channels, and to stabilize and 
minimize system output power. The presrat invraition uses a closed loop power control 
mediod in which a receiver periodically decides to incrementally raise or lower die output 
power of die transmitter at die odier end. The method also conveys dial decision hack to 
die reflective transmitter. 

Table 1: APC Signal Channel Assignments 
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Lnilc 

Channels and 
Signals 


Call/Connection 
Status 


Pow^ Control Mediod 




Initial Value 


Continuous 


Reverse link 

AXCH 

AXPT 


Being Established 


as determined by 
power ramping 


APC bits in 
forward APC 
channel 


Reverse link 
APC,OW, 
TRCH, 
pilot signal 


In-Progress 


level established 
during caU set-up 


APC bits in 
forward APC 
channel 


Forward link 
APC, OW, 
TRCH 


In-Progress 


fixed value 


APC bits in 
reverse APC 
channel 



Forward and reverse links are independently ccmtxoUed For a call/connecticMi in 
process, forward link traffic channel (TRCH) APC, and Order Wm (OW) power is 
controlled by the APC bits transmitted on the reverse APC channel. During the 
call/connection establishment process, reverse link access diannel (AXCH) power is also 
controlled by the APC bits transmitted on the forward APC channel. Table 1 1 
summarizes the specific power control methods for the controlled diaimels* 

The required SIRs of the assigned channels TRCH, APC and OW and reverse 
assigned pilot signal for any particular SU are fixed in pn^rtion to each other and these 
diannels are subject to nearly idratical fiEtding, therefore, they are power controlled 
together. 

Automatic Forward Power Control 
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The AFPC system attempts to maintain the miTiinnifn required SIR cxi tte forward 
channels during a call/connecticm. The AFPC lecairsive process diown in Rgure 3 
consists of the steps of having an SU form the two error signals ei and ez in step 301 
^lere 

ei = Pd- (1 + SNRhep) Pw (4) 

e2 = Pr-Po (5) 

and Pd is the de^iead signal plus noise power, is the despread noise power, SNRref is 
the required agnal to noise ratio for the service type, Pr is a measure of the total received 
power, and Po is the AGC set point. Next, the SU modem forms the combmed error 
signal aiei+a2e2 in st^ 302. Here, the weights ca and 02 arc chosen for eac* service 
type and APC update rate. In step 303, the SU hard limits the combined error signal and 
forais a single APC bit. The SU transmits the APC bit to the RCS in step 304 and RCS 
modem receives the bit in step 305. The RCS increases or decreases its transmit power to 
the SU in st^ 306 and the algorithm repezxs starting from step 301. 

Automatic Reverse Power Control 

The ARPC syst^ ipa^Titains tiie minimum required SIR on the reverse diannels to 
minimize the total system reverse output power, during both call/connection establishment 
and while the call/connection is in progress. The ARPC recursive process shown in 
Figure 4 begins at step 401 where the RCS modem forms the two error agnals ei and e2 
in step 401 where 

ei = Pa . (1 + SNRjtEF) Ps (6) 
e2 = Pit - Po (7) 

and Pd is the despread signal plus noise power, Ps is the despread noise power, SNRmf is 
the reference signal to noise ratio for the service type, Pn is a measure of the average total 
power received by the RCS, and Po is the AGC set point The RCS modem forms the 
combined error signal oaei+oae: in step 402 and hard limits this error signal to determine 
a single APC bit in stq) 403. The RCS transmits the APC bit to the SU m step 404, and 
the bit is received by the SU in step 405. Finally, SU adjusts its transmit power 
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aa»rdmg to the reaived APC bit in step 406, and the proass repeafi star^ 
401. 

Table 2: Symbols/Thresholds Used for APC Computaiion 



Service or Call Tvoe 


Call/Connecdon 
Status 


Symbol (and Thrssbold) Used for 
APC Decision 


TVwi't cane 


Being Established 


AXCH 


ISDN D SU 


In-Progrcss 


one 1/64-KBPS symbol from TRCH 
aSDN-D) 


ISDN IB+D SU 


In-Progress 


TRCH aSDN-B) 






TRCH (one ISDN-B) 


POTS SU (64 KBPS 
PCM) 


In-Progress 


one 1/64-KBPS symbol from TRCH, 
use 64 KBPS PCM direshold 


POTS SU (32 KBPS 
ADPCM) 


In-Progress 


one 1/64-KBPS symbol from TRCH, 
use 32 KBPS ADPCM dire^old 


Silent Maintenance Call 
(anySU) 


In-Progress 


OW (continuous during a 
maintenance call) 



SIR and Multiple Channel Types 

The required SIR for channels on a link is a function of channel fonnat (e.g. 
TRCH, OW), service type (e.g. ISDN B. 32 kb/s ADPCM POTS), and the number of 
symbob over which data bits are distributed (e.g. two 64 kb/s symbols are integrated to 
form a smgle 32 Wj/s ADPCM POTS symbol). Despreader output power corresponding 
to the required SIR for each channel and service type is predetermined. While a 
call/comiection is in progress, several user CDMA logical channels are concurrentiy 
active; each of these channels transfers a symbol every symbol period. The SIR of the 
symbol from the nominally highest SIR channel is measured, compared to a threshold and 
used to determine the APC step up/down decision each symbol period. Table 2 mdicales 
the symbol (and threshold) used for the APC computation by service and caU type. 
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APC Parameters 

APC information is always conveyed as a single bit of infonnation, and tlie APC 
Data Rate is equivalent to the APC Update Rale, The APC update rate is 64 ld)/s. This 
rate is high encMigh to accommodate expected Rayleigji and Doppler fades, and allow for 
a relatively high (-0.2) Bit Error Rate (BER) in the Uplink and Downlink APC channels, 
which mimmizes capacity devoted to the APC. 

The power step up/down mdicated by an APC bit is nominally between 0.1 and 
0.01 dB. The dynamic range for power control is 70 dB on the reverse link and 12 dB on 
the forward link for the exemplary embodiment of the present system. 

An Altoriiative Embodimaiit f or Multiplexnig APC Infonnation 

The dedicated APC and OW logical channels described previously can also be 
multiplexed together in one logical channel. The APC information is transmitted at 64 
kb/s, continuously whereas die OW information occurs in data bursts. The alternative 
multiplexed logical chaimel includes the unencoded, non-interleaved 64 ld)/s. APC 
information on, for example, the In-phase chaniiel and the OW information on the 
Quadrature channel of die QPSK signal. 

Closed Loop Power Control Implementation 

The closed loop power control during a call connection responds to two different 
variations in overall system power. First, the system re^nds to local bdiavior such as 
changes in power level of an SU, and second, the system re^nds to chan^ in the 
power level of the entire gnwp of active users in the system. 

The Power Control system of the exemplary embodiment of the present mvention 
is shown in Figure 5. As shown, die circuitry used to adjust the transmitted power is 
similar for die RCS (shown as die RCS power control module 501) and SU (shown as die 
SU power control module 502), Beginning with the RCS power control module 501, the 
reverse link RF chaimel signal is received at the RF antenna and demodulated to produce 
the reverse CDMA signal RMCH which is ^lied to the variable gain amplifier (VGAl) 
510. The output signal of VGAl 510 is provided to die Automatic Gain Control (AGQ 
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Circuit 511 winch produces a variable gain amplifier control signal into the VGAl 510. 
This signal fn^hitafns the level of the output signal of VGAl 510 at a near constant vahie. 
The output signal of VGAl is despread by the de^read-demultiplexer (demux) 512, 
vfbidii produces a despread user message signal MS and a forward APC bit The forward 
APC bit is applied to the integrator 513 to produce the Forward APC control signal. The 
Fbrward APC control signal controls the Forward Link VGA2 514 and maintains the 
Forward Link RF channel signal at a fniniimim level necessary for communication. 

The signal power of the despread user message signal MS of the RCS power 
module 501 is measured by die power measurment circuit 515 to produce a signal power 
indication. The output of the VGAl is also despread by the AUX de^reader which 
despreads the signal by using an uncorrelated ^reading code, and hence obtains a 
despread noise signal. The power measurement of this signal is multiplied by 1 plus the 
required signal to noise ratio (SNRr) to form the threshold signal SI. TTie difference 
between the despread signal power and the thr^old value Sl is produced by the 
subtracter 516. This difference is the error signal ESl, which is an error signal relating 
to the particular SU transmit power level. Similarly, the ccmtrol signal for the VGAl 510 
is ^plied to the rate scaling circuit 517 to reduce the rale of the control ^gnal for VGAl 
510. The output signal of scalmg circuit 517 is a scaled system power level signal SPl. 
The Threshold Compute logic 518 computes the System Signal Threshold SST value frcra 
the RCS user channel power data signal (RCSUSR). The complement of the Scaled 
system power level signal, SPl, and the System Signal Power Threshold value SST are 
applied to die adder 519 which produces second error signal ES2. This error signal is 
related to the syst^ transmit power level of all active SUs. Hie input Error signals ESI 
and ES2 are combined m the combiner 520 produce a combined error signal input to the 
delta modulator (DM1) 521, and die output signal of the DM1 is the reverse APC bit 
stream signal, having bits of value +1 or -1, which for the present invention is 
transmitted as a 64kb/sec signal. 

The Reverse APC bit is ^plied to the spreading circuit 522, and the ou^ut signal 
of the ^reading circuit 522 is the ^read-spectrum fbrward APC message signal. 
Forward OW and Traffic signals are also provided to q)reading circuits 523, 524, 
producing forward traffic message signals 1, 2, . . N. The power level of the forward 
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APC signal, the forward OW, and traffic message signals are adjusted by the respective 
amplifiers 525, 526 and 527 to produce the power levd adjusted forward APC, OW, and 
TRCH channels signals. These signals are combined by the adder 528 and applied to the 
VAG2 514, which produces forward link RF channel signal. 

5 The forward link RF channel signal mcluding the spread forward APC signal is 

received by the RF antenna of the SU, and demodulated to produce the forward CDMA 
signal FMCH. This signal is provided to the variable gain amplifier (VGA3) 540. The 
output signal of VGA3 is applied to the Automatic Gain Control Circuit (AGC) 541 
whidi produces a variable gam amplifier control signal to VGA3 540. This signal 

10 maintains the level of the output signal of VGA3 at a near constant level. The output 

signal of VAG3 540 is despread by the de^read demux 542, v/bkh produces a de^read 
user message signal SUMS and a reverse APC bit. The reverse APC bit is ^plied to the 
integrator 543 which produces the Reverse APC control signal. This reverse APC control 
signal is provided to the Reverse APC VGA4 544 to maintam the Reverse link RF 

15 channel signal at a minimum power level. 

The de^read user message signal SUMS is also ^lied to the power measurement 
circuit 545 producing a power measurement signal, whichis added to the complement of 
threshold value S2 in the adder 546 to produce error signal ESS. The signal ESS is an 
error signal relating to the RCS transmit power level for the particular SU. To obtain 
20 threshold S2, the de^read noise power indication from the AUX despreader is multiplied 
by 1 plus the desired signal to noise ratio SNRr. The AUX de^reader despreads the 
ir^ut data using an uncorrelated spreading code, hence its output is an indication of the 
de^read noise power. 

Similarly, the control signal for the VGA3 is applied to the rate scaling circuit to 
25 reduce the rate of the control signal for VGA3 in order to produce a scaled received 

power level RPl (see Fig- 5). The tiireshold compute circuit computes the received signal 
threshold RST from SU measured power signal SUUSR. The complement of die scaled 
received power level RPl and the received signal threshold RST are ^plied to the adder 
which produces error signal ES4. This error is related to the RCS transmit power to all 
30 other SUs. The input error signals ESS and ES4 are combined in the combiner and input 
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to the delta modulator DM2 547, and the ouQnit signal of DM2 547 is the forward APC 
bit stream signal, with bits having value of value + 1 or -1. In the exemplary 
embodiment of the present invention, this signal is transmitted as a 64kb/sec signal. 

The Forward APC bit stream signal is applied to the ^reading drcuit 2948, to 
produce the output reverse q>read-q>ectrum APC signal. Reverse OW and Traffic signals 
are also input to q)rcading circuits 549, 550, producing reverse OW and traffic message 
signals 1, 2, . • N, and the reverse pilot is generated by the reverse pilot ^^alor 551. 
The power level of the reverse APC message signal, reverse OW message signal, reverse 
pilot, and die reverse traffic message signals are adjusted by amplifiers 552, 553, 554, 
555 to produce the signals which are combined by the adder 556 and input to the reverse 
APC VGA4 544. It is this VGA4 544 which produces the reverse link RF channel signal. 

During the call connection and bearer channel establishment process, the closed 
loop power control of the present invention is modified, and is shown in Figure 6. As 
^own, tlie circuits used to adjust the transmitted power are differrat for the RCS, shown 
as the Initial RCS power control module 601; and for the SU, shown as the Initial SU 
power control module 602. Beginning with the Initial RCS power control module 601, 
the reverse link RF channel signal is received at the RF antenna and draiodulated 
producing the reverse CDMA signal IRMCH which is received by the first variable gain 
amplifier (VGAl) 603. The ouq>ut signal of VGAl is detected by the Autcraatic Gain 
Control Circuit (AGCl) 604 which provides a variable gain amplifier control signal to 
VGAl 603 to maintain the level of the output signal of VAGI at a near constant value. 
The output signal of VGAl is despread by the de^read demultiplexer 605, whidx 
produces a de^read user message signal IMS. The Forward APC control signal, ISET, 
is set to a fixed value, and is ^lied to the Forward Link Variable Gain Amplifier 
(VGA2) 606 to set the Forward link RF channel signal at a predetermined level. 

The signal power of the de^read user message signal IMS of the Initial RCS 
power module 601 is measured by the power measure circuit 607, and the output power 
measurement is subtracted from a threshold value S3 in the subtracter 608 to produce 
error signal ESS, which is an error signal relating to the transmit power level of a 
particular SU. The threshold S3 is calculated by multiplying the despread power 
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measuremeot obtained ftpm the AUX despreader by 1 plus the desired signal to noise 
ratio SNRs. The AUX despreader despreads die signal using an uncorrelated spreading 
code, hence its ouqnit signal is an indication of deq>read noise power. Similarly, the 
VGAl control signal is applied to die rate scaling circuit 609 to reduce the rate of the 
VGAl control signal in order to produce a scaled systan power level signal SP2. The 
due^ld computation logic 610 determines an Initial System Signal Hue^ld value 
(ISST) computed firan die user diannel power data signal (IRCSUSR). The complanent 
of die scaled system power level signal SP2 and die (ISST) are provided to die adder 611 
which produces a second error signal ES6, whidi is an error signal relating to die system 
transmit power level of aU active SUs. The value of ISST is die desired transmit power 
for a system having die particular configuration. The input Error signals ESS and ES6 
are combined in die combiner 612 produce a combined error signal input to die delta 
modulator (DM3) 613. DM3 produces die initial reverse APC bit stream signal, having 
bits of value + 1 or -1, whidi for die present invention is transmitted as a 64kb/sec agnal. 

The Reverse APC bit stream signal is applied to the qireading circuit 614, to 
produce die initial ^read-spectrum forward APC signal. The control diannel (CTCH) 
information is spread by die spreader 616 to form die spread CTCH message signal. The 
^read APC and CTCH signals arc scaled by die amplifiers 615 and 617, and combined 
by die combiner 618. The combined signal is applied to VAG2 606, which produces die 
forward link RF channel agnal. 

The forward link RF channel signal including die spread forward APC signal is 
received by the RF antenna of die SU, and demodulated to produce the uiitial forward 
CDMA signal (IFMCH) widch is applied to die variable gain amplifier (VGA3) 620. TTie 
ouqnit signal of VGA3 is detected by die Automatic Gain Control Circuit (AGC2) 621 
which produces a variable gain amplifier contix>l signal for die VGA3 620. This signal 
maintains die output power level of die VGA3 620 at a near constant value. The output 
signal of VAG3 is despread by die despread demultiplexer 622, which produces an mitial 
reverse APC bit diat is dqiendoit on die ou^ut level of VGA3. The reverse APC bit is 
processed by die integrator 623 to produce die Reverse APC control signal. The Reverse 
APC control signal is provided to die Reverse APC VGA4 624 to maintain Reverse link 
RF channel signal at a defined power level. 
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The global channel AXCH signal is ^read by the spreading circuits 625 to provide 
die spread AXCH channel signal. The reverse pilot generator 626 provides a reverse pitot 
signal, and the signal power of AXCH and the reverse pilot signal are adjusted by die 
respective amplifiers 627 and 628. The ^read AXCH channel signal and tte reverse pilot 
signal are added by the adder 629 to produce reverse link CDMA signal. The reverse link 
CDMA signal is received by die reverse APC VGA4 624, which produces reverse 
imk RF channel signal output to the RF transmitter. 

System Capacity Management 

The system capadty management algorithm of the present invention qptimizes the 
nt^ Timiim user ca^iacity for an RCS area, called a cell. When the SU comes within a 
certain value of Tn^TinniTn transmit power, the SU sends an alarm message to the RCS. 
The RCS sets the traffic lights which control access to the system, to "red" which, as 
previously described, is a flag that mhibits access by die SU's. This condition remains m 
effect until the alarming SU terminates its call, or until the uansmit power of the alarming 
SU, measured at the SU, is a value less tiian die maximum transmit power. When 
multiple SUs send alarm messages, the condition remains in effect until either all calls 
from alarming SUs terminate, or xmtil the transmit power of the alarming SU, measured 
at the SU, is a value less than the majumum transmit power. An alternative embodiment 
measures the bit error rate measurements from the Forward Error Correction (FEQ 
decoder, and holds the RCS traffic lights at "red" until die bit error rate is less than a 
predetermined value. 

The blocking strategy of the present invention includes a method which uses die 
power control information transmitted from the RCS to an SU, and the received power 
measurements at the RCS. The RCS measures its transmit power level, detects that a 
maximum value is reached, and determines when to block new users. An SU preparing 
to enter die system blocks itself if die SU reaches die maxunum transmit power before 
successful completion of a bearer channel assignment 

Each additional user in die system has die effect of increasing the noise level for 
all odier users, which decreases the signal to noise ratio (SNR) that each user e3q)eriences. 
The power control algorithm iri ^infainR a desired SNR for each user. Therefore, in the 
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absence of any other limitations, addition of a new user into the system has only a 
transient effect and the desired SNR is regain^ 

The transmit power measurement at the RCS is done by measuring either the lOOt 
mean square (rms) vahie of the baseband combined signal or by measuring the transmit 
5 power of the RF signal and feeding it back to digital contrcd circuits. The transmit power 
measurement may also be made by the SUs to determine if the unit has readied its 
TPaT iiyiy ni transmit power. The SU transmit power level is determined by measuring die 
control signal of the RF amplifier, and scaling the value based on the service type, such 
as plain old telephone service (POTS), FAX, or integrated services digital network 
10 (ISDN). 

The information that an SU has reached the maximum power is transmitted to the 
RCS by the SU in a message on the Assigned Channels. The RCS also determines die 
condition by meaairing reverse APC changes because, if die RCS sends APC messages to 
the SU to increase SU transmit power, and die SU transmit power measured at die RCS is 
15 not increased, the SU has reached the maximum transmit power. 

The RCS does not use traffic lights to block new users who have finished ramping- 
up using the short codes. These users are blocked by denying them the dial tone and 
letting them time out. The RCS sends all Ts (go down commands) on the APC Channel 
to make die SU lower its transmit power. The RCS also sends either no (JTCH message 
20 or a message with an invalid address which would force the FSU to abandon the access 
procedure and start over. The SU does not start die acquisition process immediately 
because the traffic lights are red. 

When the RCS reaches its transmit power limit, it enforces bloddng in the same 
manner as wb&n an SU reaches its transmit power limit The RCS turns off all the traffic 
25 lights on die FBCH, starts sending all 1 APC bits (go down commands) to those users 
who have completed their short code ramp-up but have not yet been given dial tone, and 
either sends no (JTCH message to these users or sends messages witii invalid addresses to 
force diem to abandon the access process. 

The self blocking algorithm of die SU is as follows. When the SU starts 
30 transmitting die AXCH, die APC starts its power control operation using die AXCH and 
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the SU tian^t power increases. While the trananit power is iiurreasmg under tfae 
controlof the APC, it is monitored by the SUccmtrollen If the trananh power lunit is 
reached, the SU abandons tiie access procedure and ^arts over. 

Although die invention has been described in terms of an exemplary embodiment, 
it is understood by those Called in the art that die invention may be practiced with 
modificadOTS to the embodiment diat are widiin the scope of the invention as defined by 
the following claims: 
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Hie loventioa Claimed Is: 

1 1. A automattc power control (APQ system for a multiple access, ^read- 

2 spectrum communication sy^m, comprising 

3 first and second transceivers, wfaeiein the first transceiver transmits a forward 

4 cbaimel information agnal to the second transceiver as a forward ^read-spectrum signal 

5 having a forward trananit power level, and the second transceiver trananits a reverse 

6 channel information signal to the first transceiver as a reverse ^read-spectrum signal 

7 having a reverse transmit power level; 

8 an automatic forward power control (AFPQ syst^, comprismg 

9 a) means in the second transceiver inchiding: received signal 

10 measuring means for measuring a forward diannel signal-to-noise rado of 

11 the forward channel information signal, error generating means for 

12 ^nerating a forward channel error signal corresponding to a differraice 

13 between the measured forward chaimel signai-to-noise ratio and a pre- 

14 determined signal-to-noise value, and a transmitting means for trananitting 

15 the forward channel error signal as a forward error spread-spectrum signal; 

16 and 

17 b) means in the &st transceiver including: a first receiving means 

18 for receiving the forward channel error signal from the forward error 

19 ^read-^ectrum signal, and a first transmit power adjustment means for 

20 adjusting the forward transmit power level of the forward ^read-spectrum 

21 signal re^nsive to the received forward error signal, and; 

22 an automatic reverse power control (ARPQ system, comprising: 

23 a) means m the first transceiver mcludmg: received signal 

24 measuring means for measuring a reverse channel signal-to-noise ratio of 

25 the reverse channel infonnation signal, error generating means for 

26 generating a reverse channel error signal corre^nding to a difference 

27 between the measured reverse channel signal-to-noise ratio and a pre- 

28 determined signal-to-noise value, and a transmitting means for transnitting 
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29 the reverse diannel error signal as a reverse error ^read-spectrum signal; 

30 and . 

31 b) means in the second transceiver mcluding: a second receiving 

32 means for receiving the reverse error signal from tiie reverse error ^read- 

33 ^>ectrum signal, and a second transmit power acgustmrat means for 

34 adjusting the reverse transmit power level of the reverse ^rBad-q)ectram 

35 signal re^Kmsive to die reverse error signal* 

1 2. An APC system as set forth in claim 1 wherein each of the forward 

2 error signal and die reverse error signal includes a one-bit signal which indicates 

3 \rfiether the rtspecdve difference signal is positive or negative. 

1 3. An APC system as set fortii in claim 1 wherein each of the forward 

2 error signal and the reverse error signal includes a measure of instantaneous iK)ise 

3 in the channel. 

1 4. An automatic power control (APC) system for a multiple access, ^read- 

2 spectrum commimication system, comprising 

3 a base station and a plurality of subscriber units, wherein the base station transmits 

4 a plurality of forward channel information signals to a plurality of subscriber units as a 

5 plurality of forward charmel ^read-spectrum signals each having a re^)ective forward 

6 transmit power level, and each of die subscriber units transmit to the base stadon at least 

7 one reverse ^rcad-5)ectrum signal having a respective reverse transmit power level and 

8 at least one reverse chaimel spread-spectrum signal includes a reverse channel information 

9 signal; 

10 an automatic forward power control (AFPC) system, wherein: 

11 a) each one of the plurality of subscriber units ccHnprises: forward 

12 chaimel signal measuring means for measuring a forward signal-to-noise 

13 ratio of the respective forward chaimel information signal, forward error 

14 generating means for generating a respective forward channel error signal 

15 corresponding to a difference between the respective measured forward 

16 signal-to-noise ratio and a pre-determined signal-to-noise value, and a 
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17 transmitting means for transmitting the re^>ective forward channel error 

18 signal as part of a respective reverse channel information signal; and 

19 b) the base station comprises: a plurality of AFPC receiving means 

20 for receiving the plurality of reverse channel infonnation signals and 

21 extracting die plurality of forward channel error signals from the 

22 respective reverse channel information signals, and a plurality of fonvard 

23 transmit power adjustment means for adjusting the req)ective forward 

24 transmit power levels of the re^ective forward q)read-spectrum signals 

25 reqxmsive to the re^ective forward error signals* and; 

26 an automatic reverse power control (ARPC) system, wherein: 

27 a) the base station comprises: a plurality of reverse signal measuring 

28 means, each reverse signal measuring means for measuring a reverse 

29 signal-to-noise ratio of the respective reverse channel infonnation signal; a 

30 plurality of reverse error generating means, each reverse error generating 

31 means for generating a req)ective reverse channel error signal representing 

32 a difference between the respective measured reverse channel signal-to- 

33 noise ratio and a ie^>ective pre-detennined signal-to-noise value; and a 

34 plurality of transmitting means, each transmitting means for transmitting 

35 the reflective reverse chaimel error signal as a part of a reflective forward 

36 channel information signal; and 

37 b) each subscriber unit comprises: an ARPC receiving means for 

38 receiving a respective one of the forward channel infonnation signals and 

39 extracting the re^ective reverse error signal from the forward chaimel 

40 information signal, and a subscriber transmit power adjustmrat means for 

41 adjusting the reverse transmit power level of the ref)ective reverse spread- 

42 plectrum signal reqKmsive to the respective reverse error signal. 

1 5, An automatic forward power control (AFPQ system for a multiple access, 

2 ^read-fiectrum communication system, comprising 
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3 a base station and a plurality of subscriber units, wherein the base station tiananits 

4 a plurality of forward channel information signals to a phirality of subscriber units as a 

5 plurality of forward channel ^read-spectrum signals, and each of the subscriber units 

6 transmits to the base station at least one reverse spread-spectram signal, and at least <Mie 

7 reverse channel ^read-^ectrum signal inductes a reverse channel infonnatioii signal; 

g eadi one of the plurality of subscriber units comprises: forward channel signal 

9 measuring means for measuring a forward signal-to-noise ratio of the reflective forward 

10 channel uiformation signal, forward error graerating means for generating a reflective 

11 forward channel error signal correspondmg to a difference between the respective forward 

12 signal-to-noise ratio and a pre-determined signal-to-noise value, and a tra n s mi tti n g means 

13 for transmitting the reflective forward channel error signal as part of a respective reverse 

14 channel information signal; and 

15 the base station comprises: a plurality of AFPC receiving means for receiving die 

16 plurality of reverse channel information signals and extracting the phirality of forward 

17 channel error signals from die respective reverse channel information signals, and a 

18 phirality of forward transmit power adjustment means for adjusting die reflective forward 

19 transmit power levels of each of die respective forward firead-spectrum signals 

20 responsive to the reflective forward error signal. 

1 6. An AFPC system as set fortii in claim 5 ^rein-tiie forward channel 

2 error signal mcludes a one-bit signal which indicates whether the respective 

3 difference signal is positive or negative, 

1 7. An AFPC system as set fortii in claim 5 wherein die forward channel 

2 error signal includes a measure of instantaneous noise in the chaimel. 

1 8. The AFPC system of claim 7, wherein each of die subscriber units furtiier 

2 comprise: 

3 a system noise measuring means for measuring a system noise power level of die 

4 firead-spectrum system comprising die plurality of forward firead-fiectrum signals; 

5 means for multiplying the difference signal by die measured sy^m noise power 

6 level to generate the forward channel error signal. 
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1 9. An automtic reverse power (mtrol (ARPQ system for a multipte 

2 ^lead-spectium communication system, comprising: 

3 a base station and a plurality of subscriber units, wherein the base station transmits 

4 a phuality of forward channel mformation sigpals to a plurality of subscriber units as a 

5 plurality of forward channel ^read-^)ectrum signals, and each ones of the subscriber 

6 units transmit to 4e base station at least one reverse spread-spectrum signal, and at least 

7 one reverse channel spreadrspectrum agnal includes a reverse channel infonnatiOT signal; 

S the base station comprises: a plurality of reverse signal measuring means, each 

9 reverse signal measuring means for measuring a reverse signal-to-noise ratio of the 

10 req)ecttve reverse charmel information signal; a plurality of reverse error generating 

11 means, each reverse error generating means for generating a req)ective reverse channel " 

12 error signal r^resenting a difference between the respective reverse channel signal-to- 

13 noise ratio and a respective pre-determined signal-to-noise value; and a plurality of 

14 transmitting means, each transmitting means for trananitting the respective reverse 

15 channel error signal as a part of the respective forward channel information signal; and 

16 each subscriber unit comprises: an ARPC receiving means for receiving a 

17 respective one of the forward channel information signals and extracting the respective 

18 reverse error signal from the forward chatmel information signal, and a subscriber 

19 trananit power adjustment means for adjusting the reverse transmit power level of the 

20 respective reverse ^read-^)ectrum signal responsive to the respective reverse error signal. 

1 10. An ARPC system as set fortii in claim 9 wherein the reverse chaimel 

2 error signal includes a one-bit signal which indicates whetiier the req>ective 

3 difference signal is positive or negative. 

1 11. An AFPC systrai as set forth in claim 9 wherein the reverse channel 

2 error signal includes a measure of instantaneous noise in the channel. 

1 12. The ARPC system of claim II, wherein the base station of the ARPC system 

2 funher comprises 

3 a system noise measuring means for measuring a system noise power level of the 

4 ^read-q)ectrum system comprising the plurality of reverse ^read-q)ectrum signals; 
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5 means for multiplying the difference signal by die measured system noise power 

6 level to gyrate the reverse channel error signal. 

1 13. An automatic maintenance power control (MPC) system for a multiple access, 

2 spread-spectrum communication system for maintaining the initial transnit power of a 

3 subscriber unit, comprismg 

4 a base station and a plurality of inactive subscriber units, wherein the base station 

5 transmits a plurality of forward inactive channel information agnals to a plurality of 

6 subscriber units as a plurality of forward channel q>read-spectrum signals, and each of die 

7 inactive subscriber units occasionally trananits to the base station at least one reverse 

8 spread-spectrum signal mcluding a reverse chaimel information signal; 

9 the base station comprises: 

10 a) a plurality of reverse signal measuring means, each reverse Mgnal 

11 measuring means con^)rising: means for measuring a reverse signal-to-noise ratio 

12 of the respective reverse channel information signal; a plurality of reverse error 

13 generating means, each reverse error generating means for generating a respective 

14 reverse channel error signal representing a difference between the respective 

15 reverse channel signal-to-noise ratio and a respective pre-determined signal-to- 

16 noise value; 

17 b) a systrai noise measuring means for measuring a system noise power 

18 level of tiie spread-spectrum system comprising: means for receiving a plurality of 

19 reverse ^read-^ectrum agnals; means for combining the received ^read 

20 spectrum signals witii an uncorrelated de^readmg signal to produce a noise agnal; 

21 and means for measuring a power level of die noise signal to produce a system 

22 noise power signal; 

23 c) means for multiplying die difference signal by die system noise power 

24 signal to generate the reverse channel error signal; and 

25 d) a plurality of transmitting means, each t r ansmitting means for 

26 transnutting a respective reverse diannel error signal as a part of a respective 

27 forward chaimel information signal; and 
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each subscriber unit comprises an MPC receiving means for reoNvmg a nspecdvc 
one of the forward diannel information signals and extracting die re^wctive revwse error 
signal from the forward channel information agnal, and a subscriber transmit power 
adjustmait means for adjusting the revwse tran^ power levd of Ae respective reverse 
spiead-^wctnim signal responsive to the respective reverse error signal. 

14, The automatic mamtenance power control (MPQ qrstem of daim 29, fartiier 
compriang a plurali^ of active subscriber units each of whidi trananits mbstantially 
continaous active information signals and wherein die plurality of reverse ^read-qiectrum 
signals inchides the plurality of active mformalioo signals. 
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